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An experimental and analytical study of
the performance of concrete beams

reinforced with glass fiber bars (GFRP).

Ahmad Mahmoud Mihoub
Mervat Hasan Heshmah ™

ABSTRACT

Three identical concrete beams with dimensions (12.5*25*200 cm)

were prepared and tested; each was reinforced with three GFRP rods with
a diameter of 12 mm, under the influence of an increasing load until the
failure. The value of the maximum bearing capacity, deflection in the
middle of the span, width of the crack, the mechanism of failure, and the
propagation of cracks were experimentally determined. so that they could
later be compared with the mathematical values predicted by the
relationships of the American code for concrete elements reinforced with
FRP bars 440.1R-06. Especially the relationships for calculating the
deflection, bearing capacity, and crack width.
The comparison showed that the relationships of the used code gave
results that were close to the experimental results, as the ratio of the
experimental values to the analytical values was as follows: 1.3 for the
maximum bearing capacity, and at a specific load it was 1.14 for the
deflection, and 0.76 for the crack width.

Keywords: Reinforced concrete beams, Glass fiber polymer (GFRP)
bars, load-carrying capacity, deflection, Crack width, American code
440.1R-06.

" Assistant Professor« department of Construction and Implementation Sciences:
faculty of Architecture, Tartous University, Tartous, Syria.

Assistant Professor< department of structural engineering« faculty of civil
engineering« Tishreen University, Lattakia, Syria.
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Experimental Study on Deflection Due to Bending

in Concrete Beams Reinforced by BFRP Bars

Muhammad Rateb Almousaddi (V) Soleman A. Alamodi ?

Abstract:

In this research, 7 simply supported reinforced concrete beams were
experimented on static loading with replacement of tension steel
reinforcement by Basalt-Fiber-Reinforced—Polymer (BFRP) bars in some
of these beams, and Moment-deflection curves have been concluded for
explaining the bending behavior. Also deflections due to bending had been
studied.
The results showed that Basalt-Fiber-Reinforced—-Polymers (BFRP) Bars
generally increase the bending carrying capacity of reinforced concrete
beams when placed in tension side. Also bending capacity increases by full
replacement of steel bars by BFRP bars in tension and compression
zones. Also, the deflections increases 4-6 times of beams reinforced by
steel and the failure become brittle due to the behavior of BFRP bars and
its high resistance to tension which lead to concrete fracture and
compression zone failing.

The results of experiments and analysis in reference studies
indicate that the equations of the Syrian Code Appendix and also ACI [440]
underestimate deflection of BFRP reinforced beams. A modified proposed
equation was achieved based on 91 experiments on the same topic and

the proposed equation fit better with laboratory experiments.

Keywords: Reinforced concrete beams - Basalt Fiber Reinforced Polymers
(BFRP) — replacement of steel reinforcement — bending capacity.

(1) Master Student at Structural Department in Faculty of Civil Engineering — Al Baath University.
@ Assistant Professor at Structural Department in Faculty of Civil Engineering — Al Baath
University.

36




4 jlarall g Apisal) dasigh) agle Aoda Gaayl) daala dlaa
gasaladl Gladlu gdual) ) Jaaa o 2024 als 2 2aal) 46 )

Introduction 4d..is .1

BFRP il Gl selusal) 5ulal jlacad o slias (oaidiall A pall Jale can
Silsall g BFRP fluzty daluddl 5ilsall aendl ¢lgle Calisy cadll e dadiyall
it cJarall dilaia e 32455 g il any ajall (alidil LA Gluady dalid)
psped) iy 3l 3gan il daga Jalse

ACI440 358 Laay (gysull 2580 ale 3 Cilla¥) aje ci¥alea of il el
of Aasda caas (&1 L4 le A8 BFRB (jlacay dalusdll ileall alis [2]¢[1]
g il aeull Zad e 3am ACH 440 28 8 As il (golail) agud) Aad
sl I BL = 5 G 9] il U8 e pend) Gl Ble s )8
Jlail) Allaall oial Alaee rpa =1yl — Jaaiall Gilaie (3ac 52l ajall (aliss
Oy lalise Tigiy 13l 91 Lo Ljlad e Aday 385 16 e slieVL ],
gl Sl oSl ADle wa Lgpplad il Adjlhey Caaliy cdppadsll il
) sl (g ypmall 2580

gl dilall g 5STACH I ¥ alae aladinly Jldl) 400all aje dua

Gl o 2l by 5 28 [1] Lens 5 A0 c¥aleall o2 o ) 5,LaY1 jaady

.CFRP 3 GFRP Jix FRP jlusd (e 335354
(BFRP) igalildl FRP lumi alaaiuly cilind) s ciliplst hage <)l
525 138) gl Llae Ty Canll 138 g B3 Bpolail) Bie L) B e punys
idlad a0 Ay BFRP (jluzmy daluall dngill jileal) (i (aly gylad
Rl Wl glamd e Y Al i) 8 baldel L6l ol o3

Sale At

37



BFRP 5l sty Aalesall i siaal) 34 sall Cilland¥) (0 ) gl gy s o) 30

:Scientific Problem diaal) A4l .2

i)y il Apgd) cland) 8 mludl) N faa 8 ) ASGe adls
(1) Jsall 8 elaiy leie il yualall pladiy (gl Gadi, cbuall Callss

ST gy 85 puinite Aigin yealinl £ 3l

] el B 5 pcata Aigin pualind Zilai: 1 JSil)

: Literature Reviews dasa . cluys .3

Slsally ddlaiall dgenpell Gluhall (ans 4] Ciliasi e Glany (apains Cige
BFRP el lucaiy dalical) 435l
dialus (UHPC) ¢1aY) 31 osin (e Jilsa & duyny [4] osalll L6 -
Syl Gkl e I e sl of gl @kl BFRP el Gluiy
Gillaady) o doadacY) daglidd) uleay BFRP il (jlumiy daluddl 3iall
-l Lalaily aead) Zlainds
38



4 jlarall g Apisal) dasigh) agle Aoda Gaayl) daala dlaa
gasaladl Gladlu gdual) ) Jaaa o 2024 als 2 2aal) 46 )
(3) Rl eday LS L landlly SLEdY) Sleay Flall Juads (2) J&N jedays

10mm A2 53 g mda
/!0 10 (Steel)

/ /ﬁe:ufm-muean a0 schedule
= ;
” i

100mm J8 10 8 &4 g

/om @ 100 (Steel)
T
- .

I 2410 (Steel)
E ;E (410 @ 100 (Steel)
f - = = —— I Fe.!m.’ uuuuuuuu schedule
FaN |.\':)T\I = .::,:,,:,m £ | :;E 1
)
]
150 750 400 750 150~
2200
[4] clasall 5 L3dY) jlea o M Juadi @ 2 i)
80 )
S . S0k Olege
16mm 42 4y g2 (luzt ﬂ\@mmm s
— 60 =
IRV 4
7 v
aJadl = 40 ﬁ "“'\\
KN S
moz /%, —2B10U
= — q
—2B200
—2S16U
0

0 20 40 60 80
Deflection (mm)

mm {.n.s.ud'l
[4] sl pa ) (ludad A3 jlal aguali—ajall Aadia @ 3 Jedd)
BFRP sy Zalual) dngiall 3ilsall elolu auhyn [5] osialill o6 -
pandly BFRP (jluziy lgany dale dbgin il dold o chlad) cyal
s BFRP (luziy daludl Jleall copell JiVe luaiy dalue ,AY)

A Gl Aalid) lliad) Axgil) sl e Cipar ST ally Cillaail
39



BFRP 5l sty Aalesall i siaal) 34 sall Cilland¥) (0 ) gl gy s o) 30

LN gl daldl iall 30-50 % Jef Gaml agie ol Lad s
ana oSay o) Sy il Sl oly BFRP gluziy daludll ae 434l
BFRP L e dygiadlly BFRP (jlucaiy dalical) duigindl ilsall
sy bl el g Jsaly Cum L) Jaah & Caday) (4) J<a G
BFRP 4hilll luzadll dlla & jadlly Hledl) A3Vl oluadl)

Shear failure

(0=8 ,ledl) BFRP (L (i lgsl) L3V (jluad
BFRP (jlucbd aladiia aic abl) 1) Jaidal) (e jlig¥) Jaad Joai : 4 JSi)
[51 L3580 e Yoy

chesall (sl (e e sian dndgas Nl dslu Jdaty [6] (Ral) o6 -

Pla 4l aay Lli D Cillaadl) laal B GLIYL shke dppade lusly

40% BFRP . daluall Jlall gl g dap Jaeaill e 405V dlaydll

& ol Aad 3 AV 2oy Ageadl b)) xay cAmaall el ae 434l

ciipai BFRP 3l e 2)ally Gipar siaal Zunsyall lsall asgun il dylil
dela) Y1 3 e i< ST aaey ST lasiny BFRP ilsa

120 x 300 X ) dgsin s diud Cillaady) (ailas ¢ laiivly [7] sl o6

.(BFRP) il Galylly (s5iall yaddsdl) (e desiian (jlualy dalia (4500 mm

40



4 jlarall g Apisal) dasigh) agle Aoda Gaayl) daala dlaa
gasaladl Gladlu gdual) ) Jaaa o 2024 als 2 2aal) 46 )

K Ol pdsie s WSy .paly ol mlui€ BFRP 5 3 (lumi sl
BFRP (jluzi alasin) s dglal) Lruall Gl 8 o5id) alaay il
g3 oo bl Gary il ke dogiall 8 liad il FRP mlus aladiad
idla (=ias BFRP mbul g Jebead Lo Lasdid) Zedl) sy . psinl)
LGl a ol JS5 3ilal)

Slall Al bl agh Gauad ) Caagd duyn [8] Cald) 6 -
Angadl sl e Glual Gyl il 5 BFRP (jluiy daluall dpg)
Osinll il Cuelal el e sulii iy BFRP (8 mm jhi, daludll
Ll VL mbesall gt el e Ly Legas BFRP (luaiy daliudl)
oo el BFRP | dalid) dngall el jledVl die clseall culS @l aay
Lol IVl bl gl S

clue s il Lalaadl) ool Zanas Ay [9] osiald) o8 -
BFRP mlui caws ae disin Yl 4w ol (8 G 43D FRP Glucad
Aasinly Aoe $Slae cupal LS 4G Glamiy e sy 43jl6e ilay ddbids
Bl aedm o (S Agial) sasanall pualial) dipyly addall Jilall 4yl
G Aayailly L) ) i Apaael) sISlaall il pe pe din IS Ayl
8 Ji [1] ACI-440.1R-06 <¥alas o ) daasall dmaall culidyall
a2l 5 laally Ay el il e 2lys JFRP 4 Zaluall gl il agud
2 dad)h i) el el Glual Aallayl Akl Alaee Alee 158 S
N obee o ST Al il ae Juadl 4635 o (S A il Asleall .FRP
sl LY Jualss (5) JSall cuys - ACI-440.1R-06

41



BFRP <l laadaly dadesal) 4 i) 530 sl Cilkaad¥) (o gl agaad] Ay ja5 Al 0

L g s et
Steel stirrup i P2 l P2 Steel hanger
@8@ 100mm 2013 J180mmy ¥
¥
- BFRP (=22 BFRP bars ;; };} BFRPharw// .
BFRP (et
‘ 600 N 00 ! 600mm |
€ mm T mny f 1 |
i‘:[){}mm-—i—- 1 800mm: |- H(Imm"|

[9] (sl JLEAY) Jualds @ (5) Jed)

e L Lulia ACH 440 258 3 CillaadY) dae ¥ olee o 43)laal) il gl

ACl 28 & s el peaadl ¥ abee Wl L Ae 3y BFRP  daluall ilsall Jal

alatinly slndl Aledl) a3el) Adla Ayl Z) g GhaN) Gan W 440
ol e el ACH dales
¢ 3R8 milu) B4 Flall (Sladl) caaiia) agudi—aiall i (6) JS&N (g
rliaie DG A Llidl e el (27 MPa shwdl i) desli

@.})ﬂ\ (e ?@'“A‘_?)’J\ @a.m gbﬁ\
30 <] ACI440

&

g
Moment (KN-m)

ACI440

20 4

}/. N
7 —e— ACI440

—a— ACI|440-modified

] exp
0 £ T T T T

0 10 20 30 40 50
Mid-span deflection (mm)

(mm) Jl;d'l huJ N.ul.“

[9] B4 Jilall agadi—ajal) Jalaia : 6 JS&)
42

10 4

Jara



4 jlarall g Apisal) dasigh) agle Aoda Gaayl) daala dlaa
gl el 0 gdual) ) Jaaa o 2024 als 2 axl) 46 Al

Objectives &yl i .4

1 Gl 13 g

Callaa¥) il cond il lacaiy dalical) diginll yaliall ol dufyy @
Jaaill 5,085 (3 8lly o ggaad) Cum e Wl Anliaal LDl pe lgiliay

Olamd ge Yar Gsindl 8 Gl oda Jie pladiul (goany A6lSa) Al e
LSalizall 3Yal

Materials and Methodology &all) 4.h ¢ dle .5

Gl daals b Aad) Luvigh LK gl e 8 L Sl 1 gial

Y] e b)licly W)lidls dalue 4xgin Jlan 7 cua & dus

:Cement and Concrete Mixture iigin)) 1bIXJly Ciiowy) .5

& 400kg/m’ Jle (N 32.5 it Gughayla Jere 25l Crian) a2
sl lhlal) ges

Gl (1) Jsandl Gpmy Angind) ALl L&Al asall e cillial cysal
S el o Gun L Agi) Alal e 1M sl dexdieall (kg) sl

i gial) AR maaat 3 [11] Al D) ca ‘[% - 0.55]: e

Aigigl) Al e 1 m? jaait daaiiual) (kg) Al clpasl) £ 1 Jgaal

1m3 585 500 535 250 400 220
0.86m3 503 430 460 215 344 189.5



BFRP Gl oy Aalesal) i i) 34 sll cildond¥) 00 gl agueal g s s 2

Lauld cllghad 9 cua & (9 cm) dagigdl ALl el Ly e hgw oS
o osill cua S el gl k) as V) as & Cua ((150%300) mm
OSRY) )3 liell Zshals Syt e 25 Bally Ak US (a) g cclish DG
callill Gl ey ddelu 24 33l (i g 3 cuall ey Gl culaid

ey 28 5add el (mgn 8 oLl G i) agg
ans Alshauy) iliall Taaal) e dlshal) dagiall oy (2) Jsaadl Gaw

clail gy die s Loy 28 5 241 7

a8 Al clisnll L) gha) dagliall : 2 Jgaal)

dqglaal) dqglaal) ‘_,ku gl
ehagl e Ablghu) hugl) A gl (MPa) Aipha) dagliall

(MPa)  jLaa¥) ela)  (MPa)  Lagy 28 ey (o) | (MPa) ol 7 saay

(Las: 120 ) (MPa)
21 19.25 10.75
1691 19 17 17.17 15.85 10.81 12
19 16.41 9.7

Loy ) 400 kg/m? cuien¥) jlal duall dglsha¥) desa)l Ciaa agag
gl LI 8 ol i 8 shad) colailly i G s il e
Alasin) 5 LS el e aalals dasliall CLS) Al ) dasls 3 dadl)

gl ALY jucaail Apeaal) A5l e Yoy A l) Ay k)

44



4 jlarall g Apisal) dasigh) agle Aoda Gaayl) daala dlaa
gl Gladda gdual) ) Jaaa o 2024 als 2 axl) 46 Al

:Beams Reinforcement il =i 2.5

2T8 ol daw 2T12 5 osle 2T8 (LdVsh ol Anhil luzd) sk milus >
i 2T16 5 sole

- (8) mm ki Nl e (15) oM JS jolad i pmpe ol >
Silsall halda (7) S8 Cpuy cladl) Ay gluill g lysiall Jad
el 3,08l

B il i gad) Jauali

a7
) gl
¢$8/15cm

i 2812mm Il i 2B12mm JIl i 2512mm Il i 2512mm JIl i 2B12mm Jll i 2B16mm |l i 2516mm

s 258mm 5 258mm 3% 258mm s 258mm |l 5= 2B8mm Il <= 2B8mm £ 5% 258mm
ededl g el (139 e Gs el 03 e 035 eledl) (g bl (g
8.77 kg 8.22 kg 10.88 kg 10.97 kg 7.72kg 8.04 kg 14.4 kg
BFRP il cuuzid : B

Steel N b : S

Sl 8 dadill 055 gl 8idall jilsad) babda 7 i)

45



BFRP 5l sty Aalesall i siaal) 34 sall Cilland¥) (0 ) gl gy s o) 30

e e s Tk Tabaia (8) J) e

2T(8)mm-(Steel/BFRP)

(Smm /& 2) BFRP 4 8§ il
1CemmA Scm 2T(8)mm-(Stee/BFRP)
/ f 1C8mm/15cm i

g ] LT T T

=,

2T(120r18)mm-(Steel/BFRP)
-] 2T(12or18)mm-(SteeBF RP)

(16mm 13 5 3) BFRP § 3¢ i
245

om b slad) -5l Jeadl B g Jeh adla ;8 i

:BFRP Bars il GLIL slsiall 4 el Hluadll 1.2.5

aias Ally BFRP 4ahll Gl s)iall dppaidsdl Glacadll aladind o
+(3) dsall G Al cliial sl

bl GLIYL 31giall 4 panlsnl) lusadl) cldalga 1 3 Jgaadl

(BFRP) &y ppalgal) gealoatl (o Lpala)
1800-2000 (kg/m3) PEIA]
62000 (MPa) gl Jalea

1500 (MPa) (gaal) sil) slga)

2.5 % (gaal) o gl

LS BFRP il Gl aelsall padoll (laad e 2l dpan el
Axalay Aiaall dudigl) LI A mliall Gl i (8 (9) JSA) (8 s s
t )l e il il (Canl)

P =94 kN : (g Uai1) (gpumill 2 538

94000
831 MPa ~ ——5 = BFRP luail ¢ UiVl ales)
4

46



4 jlarall g Apisal) dasigh) agle Aoda Gaayl) daala dlaa
gl Gladda gdual) ) Jaaa o 2024 als 2 axl) 46 Al

BFRP 4aljl) olucdl) ad 4yas : 9 Jedd)

darial) Glaalgadl (e BFRP Rebars 4l jluadl) chlaialge calias damlly
(1500 Apybaill ¢ Uaiiy) daslia Cumep Wai¥] algal Blay Lad dxiiadll 4550 (4
-(831 MPa) aill s 4 MPa)

(0.8 X 1500 = 1200 MPa) : (gl sl slgal! -

(0.8 x 831 = 664.8 MPa) : watl asacsill slgaY! -

:Steel Bars 1.3Y5dl) jluxill 2.2.5

e wlads (8,12,16) mm Uil ddsh 3VE lumd it

Ao 38 5il) o 4358 (Jluadl Cilialsag (8) MM ks,

:(8,12,16) mm ki molidll Wil o ll & pmdll alea) Hliic) & @
Fy, =400 MPa
E, = 21X10* MPa Nl &g yall Jalaa @
47



BFRP 5l sty Aalesall i siaal) 34 sall Cilland¥) (0 ) gl gy s o) 30

:Test Set-Up 4paill pas 3.5

Gy 400M Legin 2cldll caaiiadl B i il ik

s & AV Sleay Lug Sl dlaine Ay clules aladiuly ey
Cuaiie b (agadl) Jsilall JEy) Guldl olltie olWlls glulus lubual)
o baall dilaie b Jpesill il Jand 5)slaie 2880 Clulua 2D ¢ Gilall las
Ay ailusal) die GLIALE Glulua (JauY) e 28l dikie & 8 Galos ¢ eV

(Olaall Jansy 8 (ebual) (1) pgd) ol £ U ailisall Jagan il

102,5 40 102,5

25
-

245

Aaalaly Lyat ysaal) Jilead) Talaia (10) JSE Gang
(Cm 2L A1) Silad) alagly SLEAY) Jualds : 10 JSal)

) sl LG gl e G ibal e colatll cual

- (13 ton) (gl Ageny (Silgyna daead lea pladinly Cul) dadla

48



4 jlarall g Apisal) dasigh) agle Aoda Gaayl) daala dlaa
gasaladl Gladlu gdual) ) Jaaa o 2024 als 2 2aal) 46 )

Results and Discussion |giidla ¢ Zilidl) .6

:Experimental Study iwaill L., 1.6

Cuaiie 4 Al JE) aeudiaiall blde (11) JSE0 el

O 2 LS dalis alin) dans Nl 45 (B7 Ja Bl e Jilsall (Sl
QL) Wgany (33 sl ol Wgan pany A ¢(4) Jsaally (7) JSa 4
o)L wiall ey LS ¢Gilsal) aendls casliall asally ¢ L) daai

yidd) sl (1.56/ L)

50

40

4
30 ’,’ B3
.
Pl ——— B4
;
-
4

kN.m pj

30 35 40 45

mm ag=d!

Hlall Slaal) oy (MM) agudi—(KN.m) ajel) abda = 171 JS&)

49



BFRP Gl oy Aalesal) i i) 34 sll cildond¥) 00 gl agueal g s s 2

Bxfidall ilgall agliall ajall dyyaill aill) @ (4) Jgand)

IS VIV RIS
ey
= ol
1.56/ ) M,
(kN.m) (kN.m)
Lzl dilia gl 26.28 18f 41.0 8 7 @8/15cm 2B12 28§ Bl
il Gakaia lgsl 24.29 41.6 379 74 6.5 @815cm 2B12 288 B2
Lzl dikia el 1480 300 231 45 13 ©@8/15cm 2812 2S§ B3
Jorall dahaia g 15.77 23.2 246 48 15 ©8/15cm 2S12 2S8 B4
ind) 3L ¢ Ui 15.44 280 241 47 8  ©@815cm 2B12 2B§ **BS
il Gakaia lgsl 26.92 393 420 8 85 @815cm 2B16 2B8 B6
Lzl ke el 2070  29.0 323 63 19 @8/15cm 2816 288 B7

i HSAdl ?g_ul\) JEy) el S eq:d yanl) el J8 30yl adgn *
(e Lsan 50 50% sm
Al gy J8 (el dsasl adsai e BS Jladl el **

Ol 2 3588 il jea (5) deaadls (13 5 12) (DISE cns
Al S A B U8 7 sa

[ T o] .
cocd M ey )

{ {
B1 jilall b kil {ihia jlgily §edll JS&5 zigai: 12 JS

50



4 jlarall g Apisal) dasigh) agle Aoda Gaayl) daala dlaa
gl Gladda gdual) ) Jaaa o 2024 als 2 axl) 46 Al

oY) = BT 6ladl

258 s guilasi ¢ 2B12 i gl 13 gea

Siaall Jileall JlgdY) Jaly gadal gilai: 5 Jand

B2
= 51‘

NN N1 L9y
‘ { 24\ = E——++P*£"'J‘\-¢§ AT
i
|

L o -
ilia i) s G S glss | 05 ) Jlallly Gkl S5 gise
B3 jilal) b Ll B2 sl b s

———

E
|
|

Jue) oy B3 i Jue) B2 sl
258 st qulud ¢ 2812 lin il 28 sl qulud ¢ 2B12 i gyl

Gl Glaudad ¢ Uaily (3 sl (S5 7 dgad
B5 Jilal) 8 4
W & T . R

e 3y BS sl JheY) 3 B4 s
2B8 sl qlad « 2B12 i s 288 sl plud ¢ 2812 liu s

51




BFRP 5l sty Aalesall i siaal) 34 sall Cilland¥) (0 ) gl gy s o) 30

e 87 3l
258 sl il « 2516 lin milad

B6

| 1) 119{;41;55_; IR
T

I
L
L~

b b g i)y (5580 S5 g dgad

B6 Jalal\u&‘h.y‘f\ Zelel)
B\ A pm— . §

ey 2 B6 kel
2B8 st gl « 2B16 (i grlus

60

50

40

) JCally gl wiall aF Anlie (14) JSEN el

(osbnd) gl BT Jae W) el Auliall dadaeY)

kN.m e;umn e)’j

(2B12+2S8) (2B12+258) (2512+258) (2512+258) (2B12+2B8) (2B16+2B8) (2516+258)

Silsall ouadl) aglBall ajall ad 458 1 14 J2id)

52




4 jlarall g Apisal) dasigh) agle Aoda Gaayl) daala dlaa
gl el 0 gdual) ) Jaaa o 2024 als 2 axl) 46 Al

mm e die agdl

45
40

35

Qak_nhi\
30
25
20
15
10
5
o]

(2812+258) (2812+258} (2512+2ss) (2512+258) (2812+ZBS} (2816+ZBS) (2516+258}
L - R - - - 2,
el sadl) alie¥) aguad) ad 45yla 2 15 Jel)

Sleall agendl (8 30 3Lyl 4y Galaadl) aje Jead 588 2L maldll
Silall (ads daade ge VL daluddl Filsally 43l BFRP (lualy dalidl
dmall e aall (el dsmy s digiall J8 led) 43S BS

:Calculate Theoretical Deflection s kil agudl lua 2.6

tehill agdl Glua A8e [9] dpmayall Auhall (o s

__bx 2 A2
F_48Ecle(3l 4x?) €))

dua

(mm) gl agudl F
(Mm) Agaall Guadat 2dadiy diall o Zdladdl x
-(N, kN) dgdadll dgeal) p

53



BFRP &l (laedaly dadeall 4 i) 330 gl Cidaad¥) (0 i) aguall Ayl dad 52

el e el Sars ¢ Sl sl dgae 35S (e 33sale )l Al
[11] :48Y) Aobeally dgalie ddlay

Ry, - L? (2)

AGY) AL cualy R, = 0.0958 (lills

° _1_(@\&3335\»4)2
mog 6 L2

(3)

() s JS2) vl e Aislaal) 5) 3ay 5 38lal) Jshay 3laty Jelaa £ Ry,
Slall gl 5 L

ser

C'Ie

(Gosit Jule ) 4)

T
|-

KN.m, ) 1.56 e losmia sanl) ajall gsbas cleiadl) aiall Mg, dua
-(N.mm

Mser = 5 .x (5)

N | o

(KN, N) Zidall Algeal) Cocmi = /2
(em, mm) gaall Gudat ddads 5 vival) oy ddlidl) @ X
(MPa) (sinll Jaalll 5g5al Jalaa: E

E. =5700yf.' (6)
{(MPa) Lzl o giall el daglidll : f7,

(MmM?) wdaiall Jladll Alaall 23 @ I,
54



4 jlarall g Apisal) dasigh) agle Aoda Gaayl) daala dlaa
gasaladl Gladlu gdual) ) Jaaa o 2024 als 2 2aal) 46 )

[11] :Jldl) alaall oc

M.\? M.\?
Iez(ﬁ) 1g+[1—(1‘;r) ]1” < I, 7
[11] :JelS pdaiall Aalise
A.=b.h+ barslat.As + St?el.As (8)

{pdaiall 3l sl
SI=05-b-h>+n,-A;-a+n,-As-(h—a’) (9)
Ye = (10)
.FRP el A Us frp
FRP lacadl 43l sil) ol danss pugyy

[11] :Jubiine alaie mlose Fgin el Alaal) aie

3

Ig=———+b.h(05h—y)?*+ n .As(h—y, — a)?
12 steel
+ n .As(y,—a)? (11)
basalt

[11] :Gatiall ahiall Allae aje oy

b.x3
12

X\ 2 N
Ier = + b. x. (—) + n,. As(x — a)?

2
+ng.As(d — x)? (12)

[97 -cosind) &g m Jalaa ) FRP (e 550 e A 1y

[11] :@asal) axe
55



BFRP &l (laedaly dadeall 4 i) 330 gl Cidaad¥) (0 i) aguall Ayl dad 52

0.57./f"
Mcr = —fc-lg (13)
yt
PRERALY 14

B
[SRELN

(MM?). () Taaal) dilaia il = A/
(MM?). (omatt)ll) 230 dibie il = A
dgaall gl mliall Jalaill 4z
c3538a) ]l bl Jolaill dpi:

A(mm) Bl jmye b

(mm) el Jledl glay: d

M- 106
5= : (15)
0.85 - fc - by, - d?
A=ct (1 Za\) 16
= Ctp 2d (16)

(M) ssaiie ol ] ) A8 mlid 3SHe e ddld) 1 @

(M) Lsuae il sl ) bkl s S50 e diludl 1 @

1
o= 1 (17)

1.8 + ([1 +5(8 + )] - m)

x =.d (18)

56



4 jlarall g Apisal) dasigh) agle Aoda

ggalall Gladur 3 gdall ) dana 2024 Als 2 23) 46 sl
As
=— 19
Al
= 20
(%) asaiiall maledll dpwi 1 g
(%) Lagmall bl Gt pug
E
ng=—=——-— (S (21)
E.  5700\f',
E E
n,=—=—>2— (S (22)
E.  5700,f".

(MPa) BFRP clilll (luad 4190 Jalaa : Ej,
(MPa) 35l lual L9y Jalaa: g
[11] :CM\ e.@.ud‘ [SRIVE N}

ALY das il

L 2450

Fatowea = 360 360 6.8 mm (23)

57



BFRP &l (laedaly dadeall 4 i) 330 gl Cidaad¥) (0 i) aguall Ayl dad 52

Calculate Modified Theoretical ~sadl bl spwd Clus 3.6
:Deflection

U S5 o) agll Aad oo damy (b agull ded o e cu
g Jladl) Alaal) el nes Tapa z st Cim pendl Qs ADle mpaiad

Sty lalie Tagin Bila 91 e Ljlad e diay 4y, 16 e alaieYY
gl Sied) ol ADle we Lgpplad il A3jlhey Caaliy cdppadsll il
'(”@"‘J‘ bl (L._S_)}“M APl

: oY) G [9] Auall cas sy ¢« Ep. I, Adball Aseal) culidlal) el

Eblé == [Eble]l X T'n

M psn+1
= (Ele), - [1— —— 2
(Eple), ( 1.7f’c.b.d2> (24)

) (E . ) . M usn+1
R 17f' . b.d?

M\ M.’
(B, Tel, = B, (55) -ﬂr-1g+[1—<lvj; )]-Icr-Eb
<l, (26

N daladl) g pr Alledl) modidil) Ay laty Jalze M ius
L) axy a3l T 0 Jlaal Al (e e Jalas t B

8aly) ae adaiall 8 axuall Aikie salyy il Jlaal Auhall e 5 Jales 1 77
Lyl

58



4 jlarall g Apisal) dasigh) agle Aoda Gaayl) daala dlaa
gasaladl Gladlu gdual) ) Jaaa o 2024 als 2 2aal) 46 )

el Fansis ¢ N Jalail A o adiny (o) caladdl b By Jaladdl Ja

(9 - £ el g ¥ sy « gt Jodl

(27)

=
~
I
N
w1
S
=
@
SRSV
SRSV

fsh Lo oyl
(kN.m) «nill JLeW) aje Mg —
(kN.m) ((1.56/s2al) 3all=) L) w3l Mgo, —
(kN.m) (sizl e My —
(M) (i) S| @) pedd F =
(M) gamad) o sl F
(MM) zsamall agdl [F] —
(KN.M) czsamall sl tie a2l [[Meo]] —
sedl die dasiadl @ S GBLL GLEWY) el Mgl —
(KN.M) < sansall
(MM) Aaaiaall GG Gguaall a3all die il agudl F [Mge]
aslial) agial) pe Aasaally dylailly dunaill agadl af (6) Jsaall Jaxy s
B2 ilall b gyl pgadl Lulia Yl (7) Jsaadl cn LS

59



L 2 A o

L) agueall

N) oo

»

) dgi i) 0 sl

Luiad, 4
Camar

BFRP < ¢

Py — o7 M PSS ([5 e

wex 99/78 ¥ T TR AT O 0 PR R0 (TR 0ED € s R reR (e sam s R pf e 6 rlmo
ww)

v+ 98/78 T A0 M e e M ow ey PTST ESD S S emE (o o0 (s ST oy v Ay e e ED £ 60
Ker? =m0 g Fir| oy o oy oD o (6D

« 1812 A0 2 v il Py ST 908 ' 0 Sy (R0 (e sseieRy v (o) fom oy (ST € e (6

06 el [ §5T ST 89 L g% LT FL6 L9¥ £ §8-01% g
.__.1 ﬂ - Yd -

£6 096 6T 9y LTI 1701 89 wx SV ET waw CC 1T | LTBIT 697 Tt LTY 1y 9-0196) g

< Tl e L 3 C ol <

§ STL 60F 8o 1) FoL 89 FELT wxx 8L 81 | FOTI Ay It It It -9 cq

0t 78 £ 801 30°LT 99°LT 89 8¢ - €09 LLET LL iy h §8-TI% ¥d
8L (I3) FEeIn 30°LT 7981 89 ty - 3¢ ¥l L99 iy It §8-TI% £q

LL TEL o7 60F F66 96 89 wx 780 SF 6l Y4 £F 2 It 6Lt §5-719 d

89 TEL ¥ 8L F66 o101 19 T S0RE £0°TE LT 8797 gt It 0Ty §5-7149 1

tr L LFL ﬁmd.ﬁ mﬂ_umowﬂ & LL LG " e
wm N o o WL | W\ | um mm mm mm wNY | N | N | WY
1] 0
sl | (pe g2 | YR | e | (e | (pe2 .

w | peemar | 2P Y | mpe |y pasoqe | (P ) ( 5) =?) | (s | &F) | @9 H_”m_.uﬂ i -
it e =5 (s (e et _,,.gnﬂﬂ_”_ R ik 4 [1a (g4
[33sy7] JASTY ISy . . N

135 95T J25] ' J9 AT AT

- s e | e | FOT | (sl | L 1 1 1 W | P | BIY

60



4 jlarall g 4isal) duaigl agle Ada Ginal) daala Alaa
gagalad) Glagas gimall Gl Jaaa o 2024 s 2 sal) 46 Al

B2 jilall A& maaal) b1 agedl s JBa: 7 Jgaal)

1.56/ 30 ajall = (g LafiiuN) ajadl
Jigssdl il = i) o3 Mser = 37.9 /1.56 = 24.3 kN.m
Mser = Mg /1.56

S
aFRP it st 0 s
i
A1 e
A4 e e g

O g e Jalra

E. =5700V19 = 24845.72 MPa

E, = 5700\f,’
il "“""‘2 A _ 210000 _
ng=—" s = 2484572
E.
= JM;;‘ * _ 62000 _, 405
ny =22 ™ = 2484572 =~
c

3ilad)
- 'L""h L - 2450 mm
el sla

beh 150*250 mm

i) gl
. 122 Ag = 226.19 mm?
A =2
) el e 226.19
us=:—; =150+ 206
PR PR
.82 A's = 100.53 mm?
4
() el o) R
’ A,S
Hs = ﬁ

s

PR | I WA ] 35 3Ssa Cpe Adlesal) .
] ot ) bl 3Sa e 5
A g

61

=0.00732

Ay =2




BFRP ) (sl Aalsal) disiael) il sall cilhady) 09 gl agaal) gy 525 a2

bl ) il el 3$5e (e ddlasall
h . d:'d
(ssad) ajal)

SI=0.5-b-h*>+n,-A;-a+ng

Ag-(h—a')
éhhﬂ:\.‘éls.d‘z\al.ud\
A.=b.h+ n .As+ n .A;

basat steel
Slaall sl adga
SI

yt:E

(Jskiions) aiiall Alliaal) i
b.h?

Ig =
+ n . Asth—y,

steel’
— a)Z

i bamatt -As(y,

—a)?

Gl a3

T 0.85 fc b,  d?

A=ce (1 2“)
LAY

o«
1

1

x =x.d

3

Icr = b. + b.x. (;)2

+ n,. As(x — a)?
+ ng. As(d — x)?

150« 14.36°

SI =0.5-150-250% + 2.495 * 226.19 * 44

+8.45 % 100.53 * (250 — 42)
= 4889073.986 mm?

A, =150 % 250 + 2.495 * 226.19 + 8.45 * 100.53

= 38914.15 mm?

4889073.986

YV =38914.15 = 125.63 mm

+150.250(0.5250 — 125.63)2

+8.45

x100.53(250 — 125067 — 42)2
+2.495 * 226.19(125.63 — 44)2
= 204853627 mm*

0.57v19

Mcr = ————+—--205348377.9

125.63
=4051130.647 N.mm

_ 8.45+100.53

§=—— """ — _____0.2363

0.85-19 - 150 - 2062

18+ ([1 +5(0.2363 +0.0219)] - 15
= 0.0697

x=0.0697 x 206 = 14.36 mm

14.36\>
+8.45 * 100.53(14.36 — 42)?
+2.495 % 226.19(206 — 14.36)>
= 21526607.42 mm*

12

62



4 jlarall g Apisal) dasigh) agle Aoda
$ial) Gl daaa o

gagalad) clasle o

Gaayl) daala dlaa
2024 s 2 2ul) 46 Al

Jladl) Allanl) i

M3
Ie=(7) Ig+[1

Taal Jalza

M psn+1
N — B —
r (1 1.7f _b. d2>

aaa Jud Alae 2

aas Jlad Alke 25e
Ie =1Iey X 1"

, . M psn+1
-a 17f . b.d?

B (i) Jale
Meer _1
E.lI, p

gaaall @B gkl Jale
M, _ 1
E.I, p

(oSl (3l ISy (3l Jalaa

2
1 (M\szﬂ\ Jau)
Ru=g~ 6 L?
@B aged)
Mser
E.I,
raaall (@Bl agad)

MSET
F= Ry - 12
E.l, ™

F= R,, - L2

4 K]
1, =( ' ) 204853627

24.3
.05\3
+ [1 = (m) ]21526607. 42

=22376054.65 mm*
< 204853627 mm*

=2.5- (2.495%0.0073 208 206—02527
ﬁT— i I o * U. ﬁm— o

>0.0073*2.495+1

24.3 * 10°
rn = 1 -_—_—_——
1.7 * 19 * 150 * 2062

= 0.8797

4.05\3
Ie, = ( ) .0.2527 * 204853627

24.3
+ (1 4'053 21526607.42
“\24.33)/| '

= 21666756.04 mm*
< 204853627 mm*

Ié = 21666756.04 x 0.8797 ~ 19062131.1 mm*

& 28 0.000043709
p  24845.72 % 22376054.65

1 24.3 *10°

e G o s e o Wk 1
p 2484572~ 19062131.1 ~ 0 0000513

1 (1025)2

m=§—mz009583

F =0.000043709 * 0.09583 * (2450)2
=25.5mm

F =0.0000513 = 0.09583 * (2450)? = 29.5 mm

63



BFRP 5l sty Aalesall i siaal) 34 sall Cilland¥) (0 ) gl gy s o) 30

g gamall Balll agad) 2450
L F <——=6.8mm
Fauowed < ﬁ allowed 360

Jsaad) e 1aadl ¢ (gsle (288) 5 in (2B12) mluall B2 il Yiie 32k
Lalads @y emiyg (17 %) Jltiiey bl sgusd) o eaaall agadl 2L23) (7)
sl L Apmall (e ST Alaaall Ul Qi) (e Gus (16) IS 8

BFRP ez zelise Ty il 4eilly 7 sansall g

Bl Gty mluall B2 il agudi=aiall cillabiae 4)lie (16) JS&N
ol Laadl L eV & 8mm ki Wa iy Jadyl 4 12mm L
asedl Ol 8 Golaill Yoi ST Lelany Leo il ge ST dlaaall cullal)
pao JSA e Baa3l) L[] (A s Lo ae Al aag Aalud) dagiall el
& 1hiil 558 dpngd ) aayy caladall 3 ol Glliay uyaill Bl 4yl
bl AN Jidl el caaiie 8 Gpeadivdl Gulliid) cpubiall dee o
30 ae pendl i ) o Laa (27KNLM 5 23KN.M Cpaiall () aend
olaall dee e2y Jidy U3V Gulual) Jae olgml 55 a aaas 35l A geal

.(Lf'.tfd\

64



4 jlarall g Apisal) dasigh) agle Aoda
‘éayw Ohaalas 2

$dal) Qi) ) dana o

Gaayl) daala dlaa
2024 als 2 2aal) 46 )

kN.m aja

B2

10

20

30

40

mm pdesd!

50

Flall Slaal Jaug (MM) agedi-(KN.M) ajal) cilahaia 4ilha : 16 Jil

B2

OsSE (ASY) Aspdl ) Bpsa Ngeal) (6 Lavie adl (16) JSEN e cty
iy Clseall a3 Lavie (&1 digpail) e Ay i) gl aedl cillea
GBle e maaai Ji) (gyspall e maayy il g gadill gyl e
el CDleles luad [9] dgmayall Auhally el 5 35 L gybail) agadl ilisa
Aagil) oda X5 shaall Cyylailly Jlinse s3))0 CVMled) 8 mimge sa LS o2

65

() s copelal i) Al danailly L)



BFRP &l (laedaly dadeall 4 i) 330 gl Cidaad¥) (0 i) aguall Ayl dad 52

Conclusions and Recommendations dluagill ¢ clalitiuy) .7

i) gabial) Sl ¢Sy

Gl de s A sall i) sl ae S bl lasd elula (-1
g lall VAl Aalial) ilisall e Glie il Aaluall Ciliml) b S

Slil) e Bjlie CBLIL dalual) Gl 3 Sae JS8 BRI ela (-2
Gliall Gl s e (50%) s spia (85 ake) Wl daludl
(pelasl) i i) BYslly Aalisdl)

(35— ety Gillaad¥) e Ll Zaluadl el Jesd 58 cly (-3
(peleil A i) eIV bty Aalisal) LDl (e 75%)

oo dilazal 6 N 4 G ST alll dslid) el b dlalal el (4
LW ajall vie sl daliaddl JHleall e Aailil) o seul)

Y el 3l shedl aie (A (pendl byl sy sanall el daws (<5
Nl 5l (70%) oo Ji Y Ly (28%) s

Lyadd sl LYY Glacay daluall 3ileall pgaad) Cilual s jiaall DUl (-6
Al wil ae Bl A (Lelsi al el o8 all) FRP Bars

i) Coplail) il aa ST 2l i dagidl

66



4 jlarall g Apisal) dasigh) agle Aoda Gaayl) daala dlaa
gasaladl Gladlu gdual) ) Jaaa o 2024 als 2 2aal) 46 )

References aal.all .8
1-) ACI 440.1R-06 (2006) — Guide for the Design and Construction of

Structural Concrete Reinforced with FRP Bars. American Concrete
Institute, 44p.
2-) ACI 440R-07 (2007) - Report on Fiber—Reinforced Polymer (FRP)

Reinforcement for Concrete Structures. American Concrete
Institute, 104p.
3-) ACI 440.1R-15 (2015) - Guide for the Design and Construction of

Structural Concrete Reinforced with Fiber—Reinforced—Polymer
(FRP) Bars. American Concrete Institute, 88p.
4—) Alhoubi, Y & Mahaini, Z & Abed, F (2022) — The Flexural

Performance of BFRP-Reinforced UHPC Beams Compared to
Steel and GFRP-Reinforced Beams. MDPI, Basel, Switzerland, 12p.

5-) Duic, J et al. (2018) — Performance of concrete beams reinforced

with basalt fibre composite rebar. Elsevier Ltd, Construction and

Building Materials, 12p.
6—) Kazberuk, M K & Krassowska, J (2019) — Analysis of Deflection and

Cracking of Concrete Beams with Non-Metallic Reinforcement.

Bialystok University of Technology, Poland, 8p.
7-) Krassowska, J & Ramirez, C P (2022) - Flexural Capacity of

Concrete Beams with Basalt Fiber—Reinforced Polymer Bars and

Stirrups. Licensee MDPI, Basel, Switzerland, 16p.
8-) Rudzinskis, E (2017) - Flexural behaviour of BFRP rebar

reinforced concrete beams. The Plymouth Student Scientist -
Volume 10, No. 2 - 2017, University of Plymouth, 39p.
9-) Zhang, L & Sun, Y & Xiong, W (2014) — Experimental study on the

flexural deflections of concrete beam reinforced with Basalt FRP

bars. School of Transportation of Science and Engineering: Harbin

Institute of Technology, Harbin, China, 15p.

67



BFRP &l (laedaly dadeall 4 i) 330 gl Cidaad¥) (0 i) aguall Ayl dad 52

( In Arabic)

10-) Alkhador, H - Studying the Effectiveness of

Ferrocement in Strengtheningan External Beam - Column

Joint. PhD Thesis, Faculty of Civil Engineering, Al Baath
University, 181p.

11-) Syrian Code for Designing and Implementing

Structures, Addition No.18 : Fiber Reinforced Polymer Bars
(2018). Syrian Engineers Syndicate, 102p.

12—) Syrian Arab Code for design and implementation of

structures with reinforced concrete (2012). Syrian Engineer

Candidate, 404p.

(In Russian)

13-) Standards and rules of construction of the USSR (1985)

— Concrete and Reinforced Concrete Structures — Central

Institute of Standard Design of the State Construction Committee

of the USSR.

68



4 larall g Aisall duaigl) agle Allu Caayl) daala Aaa
pdld yuly o Ol alea (3 U o 2024 als 2 2aal) 46 )

SiliiGoll oa0mi il yLuic] 04 Uil dlGlae 594
dasolall

Je [P
Ol sl (5 U o

2dlae)

pdily puly

séanl) Gadla

o ilias Al Lmeaill Calsall e 2l el gylshall o8] elaf Jasiy
shal ity arasill (e 3Se Jabe oIV 1 au e 5yl o) ¢ ATy e
Ly gyl A4S JA 4y sllaal) sl

&5 cggylshall eMA) Jlaes daleiall s1SLaall Jilus abainly asdi cCand) 38
il maatl) amall e cbhall das) ddee g osSladl ik Aeg Gy
Al bl i JaleS 5 ol S aranal JalaS g ls Lpnalall 43S
—Gpall 38Slas) olshll Da) A sinal Jalsall BlSlae alas DA (e @l
slal Gpead & Glagladd) @l alaiuly (... —agdall 3lSlan —laall 3lSlas

eMAY) ddee & (5lenal) Tabaddl)

asaadll cdpaalall LKA MAY) @hliel MAY) slae dalie il
-G_)‘}LJ\ Yl ‘Lﬁ%‘jjﬂ\

69




dndal) cliSal) asanai & e B eDAY) BlSlaa )9

Abstract:

The emergency evacuation performance of a building is
Associated to many design aspects, which vary from one building
to another. The ability to evaluate this performance in the early
stages of design allows the required modifications to be made at the
lowest cost and in the quickest time.

In this research, we review simulation methods related to the
field of emergency evacuation, and then examine how simulation
affects the decision-making process at the design level of university
library buildings, whether as an early design factor for the building,
or as an evaluation factor for existing buildings, through a
simulation system for factors affecting emergency evacuation. (Fire
simulation - smoke simulation - crowd simulation -....) and using
that information to improve the performance of the architectural

plan in the evacuation process.

Keywords: evacuation simulation, evacuation considerations,
university libraries, generative design, emergency situations.
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Analytical and Experimental study of
external beam — column joint strengthened

with ferrocement from all sides

Abstract

This paper aims to study the effectiveness of ferrocement in
strengthening external beam- column joint for increasing the
capacity of that joint and improving its behavior, by comparing
analytically and experimentally between the behavior of concrete
joint that are not designed according to seismic codes, and the
undesigned joint supported by ferrocement from all sides, two
samples from each model of the studied joint were studied and
tested, and a correct and reliable analytical model was built using
the ABAQUS program to study additional variables that were not
included in the experimental stud

The result was: an increase in the bearing capacity of the non-
designed supported joints by ferrocement joints by 55.2%
compared to the non-seismically designed concrete joints. In
addition, there is an improvement in the behavior of the seismically
designed and supported joints by ferrocement. The cracks have
moved from the joint to the beam and collapse occurred in the
beam, As well as an increase in the bearing capacity of joint
supported by two layers of ferrocement by 26.5% compared to joint

supported by one layer of ferrocement.

Key worlds: frame, beam, column, joint, concrete, ferrocement,
strengthening.
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Study of the Efficiency of Cavitation Process
In Water Treatment

Dr. Amal Ateah”

ABSTRACT

Polycyclic Aromatic Hydrocarbons (PAHs) are among the most

dangerous persistent organic pollutants found in freshwater

according to the Stockholm Convention, because they are difficult

to break down and remain in the water for many months and years,
causing a serious problem that threaten the ecosystem.

Therefore, in this research, the efficiency of the hydrodynamic
cavitation technique using the orifice plate was evaluated in
removing PAHs from the water of Sureat Lake in Baniyas city,
increasing inlet pressures were applied (1, 3, 5, 7, 9 bar), and
determine the removal percentage (3 PAHs) after the following
time periods: 5 10, 15, 20, 25 and 30 min.

The results of the experimental study showed that when increasing
pressure was applied from 1 to 9 bar, the percentage of removal of
(O>PAHs) compounds increased with increasing operating time and
the number of repetitions. This percentage was greater in summer
than in winter, the removal rate in winter reached 100% at 30 min
and a pressure of 5 bar, and in summer it was 100% at 15 min. It
was found that a pressure of 5 bar is ideal to achieve complete
removal of aromatic compounds.

Key words: polycyclic aromatic hydrocarbons, hydrodynamic
cavitation, orifice plate, rotation degree, cavitation number,
cavitational yield, Sureat Lake.

"Work Supervisor, Department of Environmental Engineering, Faculty of Civil
Engineering, Tishreen Unirvesity, Lattakia, Syria. E-mail: amal83ym@gmail.com
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5 141.27 | 7.68 588 31.4 10.26
10 106.59 7.71 590 33.2 10.26
15 74.97 7.75 594 345 10.26
20 48.45 7.77 595 36.4 10.26
25 7.65 7.78 599 38.5 10.26
30 0 7.78 601 38.7 10.26
Cisall & 5 bar hiall e, Sualing gl CigSil Slga Jads il 1(5) Jesad
ilial Ll o dausY) G gas
> PAHSs ) glals | Sbadl da
L be . pH z'.éjle)é'sj‘
dAdl) &) (ng/L) (ORP) °C
(min) ws/em mv
0 310.5 6.68 470 23.5 22.03
5 26.703 | 6.71 475 25.4 22.03
10 3.4155 | 6.74 478 27.8 22.03
15 0 6.75 480 28.3 22.03
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lsa bar 5 Lacall ve | Sualingjuel) CagSill lea Juidi ciliial maad & -
g -l Gugan dagin dlalall sl 48l oSl aa ol alydy g lids
1 S bl iy

$lidig Uia (YPAHS) 4) dpwi - |

Jsaall (8 e 5a LS (4) AL Saalinng el agSill dlas 36 LS a5
(1) g2 (6)
(Lc) ool <l o 23 =

‘_;&ls (3) A1l oLl et Chlpe dae aal ?3

0.000396 *
0.033

Jsec] a&ill 3o — T iéua
.[0.000396 m?/sec] bar 5 Ll v daadl Gix - Q

33 L] ohall ol pan = V/
(12) JSally (6) Jsaall b il s

slidy &m oasl) Gilpa dae g il Slpds aa Sbar Ll aic (ZPAHS) 3\.\!)! A (6) Jeaad)

L. =

Gl Jsil) e 2o % (> PAHSs) 41 4o
i 0.000396
min L. = 0033 *r iual) Y eRA)
0 0 0 0
S 4 91.4 72.3
10 8 98.9 79.1
15 12 100 85.3
20 16 - 90.5
25 20 - 98.5
30 24 = 100
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98.9 100 98.5 100
O
=
3
[72]
I
<
o
N
X
0 5 10 15 20 25 30
(min) Jadal) o)
$lidig lisa 5 bar il sie a3l g (EPAHS) Al dpasi :(11) Jeaal
98.9 100 98.5 100

0 4 8 12

Lc saley) cipm 2o

16 20 24

5 bar Lidl) e el clpa 33 g (EPAHS) Al dgesi 1(12) Js)
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vie Capally £l (4 Jadall (1) 3005 g (2 PAHS) A1) dus f55 Lol
o caly L AN 821G e ST s 31 A of 225 LS <5 bar Laall
il a3l 30k e ALYL Asall 038 Capainly 5 Min el e 72.3 % Ay
Osdally CagSall culel@d 3alyy ) ¢l (gms <30 min Jedall () ae 100 %
oSl Ll ) Jalsall pnens Aialud) Llally el clalealy salgidl 3yl
v 91.4 % ABY) s sl canall A, (PAHS) Gl e dl&a e A gl
) e 100 % il el 32l ae LWL Al sda Cupaindy 5 Min el
Aaiall phall Gl ) e ABY) s gli) g 15 min e
O el Al A8l luhall e 38155 130y (lSpall A1 585l alassly
[16,17] cbislall I3V 5850 (ealaasly 5l cilaya 30l ae 22z A3 dpess

Aalleal) olall 5395 Clye e 2Ly ae ANY) A 3 50l llia of Laagd LS
ANY) dus il 5 MIn el vie (e 4) Caly Lodiad (CagSall doghiia
53l g ALY Aal) copaindy ¢ sl e luay 265 91.4 % 572.3 %
2125 30 min - Juesill (0 vie (Le = 24) i 100 % aal josuil) fye 23e
A5 min Jsidll s (Le = 12) xie 100 % Ay 4w caly caall
Gy il pe el oda (3ilsis (5Ll Lgie JB lipa psuill e aae o Baa)
- [17,18] sl
sy i k (TPAHS) (lad Jaee eyl yaasi— o

Sleas Jelt Lae)l ve YPAHS @iliSye Jla Jae @il o Jpeaall o

5o WS lay 2ls (Min 305255205 155 105 5) (Sualisns yauel) gl

Al (e lghleay dpladll Clegiuall dae Jiay gl ¢(13) J<all (& (e
IR
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min dallaal) (e
0 5 10 15 20 25 30 35

Inc/c,
&

10

12 ..S}"'—‘-rQ'.f}ng
-14
16

$lidy lsa 5 bar biall vie TPAHs Jiadl) Jasa eyl (13) Jsél

diad il clipay 2l Cag<ill ey 33l g Jlaill Jane Culi 3 a5 Lol
lina 0.459min™ 5 2lis 0.148min" ated caly ¢an Ll (e Sl lina
.5 bar Ll e

Bhall A - &

pll il a8 (gl lee DA Blall Gilays 4 cld (14) IS8 oy
s oha ) Gl gias <22.03C° Al lina ulS; 10.26C° Al ;s
Al s yhall ey e Jadla Al dadleall daslaia

241
22 | . & 4
20 —@— s
218 1y
316 el

r114

:1512 026 10.26 10.26 10.26 10.26 10.26 10.26

© 10 > > < > O @
8

0 5 10 0 25 30

. 15, 2
min Jaddl) o)

plidy Uisa Cigsal) dles JOA Bial) cilajs ad cld :(14) Jsd
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pH L.AJAAJ‘ 2\9): - G

il 8 (oSl Adee DA PH I a3 dail s (15) JS8) o
JeSouell el ) el (ghmyy ble 4aiS 6.75 5 Lis 20 6.68 (e
13,151 pH 1) o & Caalall g s py) 1aa ) el alls ccagSall dlee (Pla

87 b 2.68 7.71 7.75 7.77 7.78 7.78
7.87. ’
pH 7.6
74
7.2 PRAY
7
6.71 6.74 6.75
6.86'68 b
6.6
0 5 10 15 20 25 30
min JaEill oyl

p Ly U cigil) dles DA PH I a8 cfpss 1(15) Jeid
(Hs/cm ) el aiase g Sila Bas) g alS Ayily g <) 488U -
585 dedll (o CaeSill Adee PDIA AgleSl) ABU) i b gl Lassl
480 ) 470 ps/em dadll e Cadiply o BE) 4 601 ps/fem ) ps/em
(16) J& A (e 8 WS 15 min ()l die Caall 4 ps/em

640

620

ot L
3 .
ﬂ* 560 o £ LAY
s 540
= 520
(3]
= 480

460 !

0 5 10 15 20 25 30
min Jadill o)

plidiy Usa chgsall dles (VA Al g 40U 0d ¢y :(16) s
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Ela V)9 BausY) (ygas - ¢

@ Ome LS oSl Alee PR Yy 30y 5aS a8 G aby) sl
i A adi il Qe Ay die 20.5 MV (e S diad Canglyig o(17) S
i e adigl 23.5 MV (e liag digy 30 Jaiill e ve 38.7 my
cagSall dlae (IR 30uS5all lsall 304y ) Sl (gymng .48 15 2ie 28.3 mv

40
38
36
34
32
:232 ! 27.8 28:3 L)
26
24
22
20

25.4 hual
23.5

MV a1y sausYl) ¢ gas

0 5 10 15 20 25 30
min JaZill o)

Py Uisa Chgsall dles DA £la¥ls BausY) (98 ad el 1(17) Jedd)
cigsil) 28, ik .5
:[15,16,17] (2) 4l e slaieWl € gl a8 aaas
P,—P,

%(vaoz) i

-

Cv=

.P,=101325Pa gyl hxzll -P,
(1300 L..SJLUUJ 10.26 °C :ui ybaj\ :\;‘)J Qe b\.&d\ ¢ Ll Jla.aja:ua - Pv
22.03 °C lisa )hall ay2 xie (2750 Pa) 4icd; (Pa)

L1000 kg/m?] sLull ditS — p

[m/s] ujsﬂ\ e LQ_)J_)A B EN a\:\-a]‘ 4.9_).u - VO
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Ak Jlal 2024 o= 2 2l 46 Al
relid CV )
_ 1013251300
%(1000 *V?)
AEHON Cy U5
_ 1013252750
%(1ooo*vo2)

o8y b Lailn (18) JSall elays «C, cagill 2y o (7) Jsaall oy

eSS i Gaaall Jaaall dais s of Laagd WS L sl 5aly) e CagSl)

by [alig oluall Ao 2% arall 50l o lE (CagSall Alae Ak Hlue e
19, 20] Y 3: S 2oy Cag<il)

bl cilpis de CigSil oy b 1(7) Jsaal

la sl Vo Jsdasl) ol dabewa | Ly 1
m/s m®/s m? bar
2082 | 2113 | 976 | 0.000183 1
0925 | 0939 | 14.441 | 0.000275 3
0.4461 | 0453 | 21.01 | 0.000396 | 0:00001884 | o
0321 | 0326 | 2477 | 0.000467 7
0228 | 0231 | 204 | 0.000554 9
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2.500
2.113
2.000 2.082
e 1.500
L sl
3 0.939
%’ 1.000
0.925
0.453
0.500 0.326 0.331
0.446
0.321 .
0.000 :
0 1 2 3 4 5 6 7 8 9 10
bar ksl

i) 5 ga Cy CigSill by ad (adlis ¢ (18) sl

CailS s eyl 80l Canesy Jaaall Al ae Cagall Gy 8 Ll dllia (f Jas )
2113 lay i CagSil a8 gl g colidlly Cipaall 8 4 pliie Cy md
i haaall 30y ae e Coadliig (] bar haal aie il e 2.082
3Tl 1385 .9 bar baall vie sl e liya; 2135 0.228 5 0.231 cualy
L 12,13,14] Lagall 53l g gl o8y (pailis 46Ul iyl

Ag<il) 3ga5 .6

dSE ke A o g gllly ((6) AL gl Alee 250y lua
(33 L lewnn lly dugynall olaall 8 485 cilS5all 40a8) PAHS I il 5
5 bar Guadl bhaall xie Qi ey A il 53yl 43l )

amount of (3, PAHs) degraded
HXpXgxQXxt

Cavitational yield (ng/j) =

50 m] bar5 dscad) hela — H s
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Ikg/m?] JiL) dats- P

[m/s?] sl g 5ls — g

[0.000396 m?/s] exall Gaxill Jara — Q
J[s] Anllaall 0y — t

is<sidl (3 PAHs) 4uS
~ 50 x 1000 x 9.81 x 0.000396 X t
bar Laall vie a3l 53l ge 293l 3 Lailss (19) JSally (8) Jsaad) s

Ye

5
3y lsa 5 bar Liall vie CigSill agay o @iy 1(8) Jsaal
gl 3 g3 5 AS<itall s yal) dsas S pall dsag Cra
: Usa flLG Assinal) t
ng/j -
ng ng min

Upa | L& | % 5SS | ow S | SR

33 ng/L 33 ng/L

0.159 | 0.207 | 9365.301 283.797 | 12168.09 | 368.73 | 5

0.086 | 0.113 | 10133.788 | 307.0845 | 13312.53 | 403.41 | 10

0.058 | 0.081 | 10246.5 310.5 14355.99 | 435.03 | 15

- 0.065 - - 15231.15 | 461.55 | 20
- 0.056 - - 16577.55 | 502.35 | 25
- 0.048 - - 16830 510 30
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0.250

0.207

0.200

0.150

g

ulg.S'.m 9934

0.100

J

ng/

0.050

0.000
0 5 10 15 20 25 30 35
min w3

Sbar ki) i el g CigSil) 35000 a clpis :(19)Jd

& ool Balyy ae il (Y CagSill 250 5e) 28Ul aladiind 50 US dad o) 2y
2l ASSiall GlSyall S oY il b el Ye dad culSy elidlly Canall
0.207 ngfj caaly Cua (Al Sl AsUall 431 eDlginY) ve Canall e LS
30 min a3l xie 0.048 NGfj &Lal el 32L) ae Cuailing 5 Min g3l die
o8l Gpaiuly S5 min el aie 0.159 Ngfj dadll (e Callss Canall Ay
Agledl) olyeSl) S & 2l dla f 6l - minlS o3l 2ie ng[j0.058 lal
ae Gilsiiy ¢ bar 5 haall vie il 32l ae LSl clkal 4o Al
117, 18]cluall it
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aluagilly clalitiuay) -5

alatins) -1
Gl Al 8 Ll Al dagheall aladialy caeSill dpw cadl — 1
oLl e ST s Gl 538 CuilSg () gus Bym olae (0 PAHS
9 N1 e ayie harin Bk aie (P PAHS) ) 4o syl Jaagl = 2
5 bl yie 100% Saly Cus . gl e 23y Jaadill (e 3245 ae bar
Dol Gy de ga Bl gy clipa 428y 155 2105 4883 30 03l bar
lisa (Lo = 12) 5 s (Lc = 24)
48 Sy e Jae Bl yayg Jaral) 3ol agSall Dgaya allE Jasgl— 3
sls Y

Gluagil) — 2
LSl e iU Adall olall e jaiiag gy IS lulp elal —1
e s c¥suills Ay saall Cilaliadly CilandlS (5,aY) A
L5 sy Aiall miliall alasiuly CogSall Ay 50 S A3jlie — 2
o iy Gsisdls Gl 3y S el Al Ll Ay -3
Sl 30 S

AY) 3l e lasaey glll (G et 8l Al -4
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